Studies of DNA polymorphisms in organisms have given us access to such information as possible diseases in humans, genomic evolution, and individual recognition. Many convenient methods to detect single-nucleotide polymorphisms (SNPs) have been developed, including polymerase chain reaction (PCR)-restriction fragment-length polymorphism (RFLP) 1) and TaqMan assay. 2) In particular, loop-mediated isothermal amplification (LAMP) 3, 4) is convenient because the reaction could be conducted under isothermal conditions, thereby facilitating amplification. LAMP employs four kinds of primers and amplification proceeds only when all the primers are annealed to the target DNA. Although primer design is difficult because many combinations of primers are conceivable, amplification is achieved within 2 h once a set of primers is designed. Moreover, it was reported that loop primers accelerated LAMP, achieving detection in less than 1 h. 5) Recently, molecular biological methods have been used for the authentication of herbal medicine. Ginseng (Ginseng Radix) is derived from the root of Panax ginseng and is one of the most popular and expensive herbal medicines in Asia. As there are many similar types and imitations of Ginseng, authentication by molecular biological methods is necessary. 6, 7) In this study, we applied LAMP to P. ginseng and Ginseng. To accomplish rapid detection besides authentication of related species, we chose the 18S ribosomal RNA (rRNA) gene region as target because its nucleotide sequences have been determined. 8) This is the first report of LAMP application to herbal medicine.
Primer Design
Six allele-specific primers were designed based on the partial 18S rRNA gene sequences at nucleotide positions 401 to 600 of P. ginseng (accession number D83275 of DNA Data Bank of Japan) ( Fig. 1 ): four LAMP primers (PG-F3, PG-B3, PG-FIP and PG-BIP) and two loop primers (PG-LF and PG-LB). The primer sequences are as follows: PG-F3, 5Ј-CCA CAT CCA AGG AAG GCA G-3Ј; PG-B3, 5Ј-GAA TTA CCG CGG CTG CTG-3Ј; PG-FIP, 5Ј-GAA TCA GCC GCG CGC AAA TTA CCC AAT C-3Ј; PG-BIP, 5Ј-GAT TCA GTC GAC TTG CCC TCC AAT GGA TC-3Ј; PG-LF, 5Ј-ACT ACC TCC CCG TGT CAG-3Ј; and PG-LB, 5Ј-TCT AAA TCC CTT AAC GAG GAT CC-3Ј.
LAMP Reaction Total DNA was extracted from a part of the plant or one piece of herbal medicine (approximately 100 mg) using DNeasy Plant MiniKit (Qiagen, Germany). Total DNA concentrations were calculated from the optical density measured at 260 nm. Amplification was carried out with a Loopamp DNA amplification kit (Eiken Chemical Co., Ltd., Tokyo, Japan). Briefly, 25 ml of a reaction mixture containing 12.5 ml of 2ϫReaction Mix, 8 units of Bst DNA polymerase, 40 pmol each of PG-FIP and PG-FIP, 5 pmol each of PG-F3 and PG-B3, and 20 pmol each of PG-LF and PG-LB, was incubated at 63°C for 60 min and then heated at 80°C for 5 min. Under these reaction conditions, pyrophosphate ion derived from nucleic acid amplification reacted with magnesium to form magnesium pyrophosphate, which was responsible for the turbidity. Real-time turbidity was monitored with Realoop-30 (Moritex Co., Ltd., Tokyo, Japan).
RESULTS AND DISCUSSION
Only three nucleotide differences existed in the 18S rRNA gene sequences of P. ginseng and P. japonicus, and two of them (at positions 497 and 501) were used for primer design. It is easy to amplify the specific region by LAMP without distinguishing the alignment, but difficult to amplify only one alignment because it is necessary for primers to anneal only one sequence. In the case of P. ginseng, to use those two nucleotide differences effectively, the 5Ј termini of PG-FIP and PG-BIP, which are one of the start sites of reaction, were located at positions 501 and 497, respectively. The four LAMP primers consisted two outer primers (PG-F3 and PG-B3) and two inner primers (PG-FIP and PG-BIP). The inner primers consisted of sequences of two regions: F1c and F2 in PG-FIP, and B1c and B2 in PG-BIP ( Fig. 1 ). We could design an appropriate set of primers for P. ginseng, which consisted of four LAMP primers and two loop primers. The principle of LAMP was explained in detail by Notomi et al. 3) In the reaction, polyphosphate ion derived from nucleic acid amplification reacted with magnesium to form magnesium pyrophosphate, which was responsible for the turbidity. Then, real-time amplifications were monitored on the basis of turbidity.
In the reactions that used a set of primers for P. ginseng and total DNA extracted from P. ginseng as template, amplifications were detected from 25 to 30 min at DNA concentrations of 0.5 to 10.0 ng ( Fig. 2A) . In contrast, no amplification was observed within 40 min when a set of primers for P. ginseng and total DNA extracted from P. japonicus as template were used at the same DNA concentrations (Fig. 2B) . Although the times when turbidity was detectable showed slight variation (approximately 5 min), the tube that had the highest template concentration tended to show the fastest amplification in the same run. When total DNA of P. ginseng at concentrations less than 0.1 ng or total DNA of P. japonicus at concentrations of 0.5 to 10.0 ng was used as template, amplification was observed only after 40 min in some but not all reactions. From the results, we think that the P. ginseng template concentration of 0.5 ng is the detection limit.
The addition of loop primers shortened the reaction time considerably. In our previous work, amplification was detected from 55 to 70 min at DNA concentrations of 0.5 to 10.0 ng, which are the same as the concentrations used in this study. 4) Moreover, the set of primers for P. ginseng could be used to distinguish P. ginseng from P. japonicus despite the very slight differences in alignment. In genus Panax, P. japonicus is most closely related to P. ginseng genetically. 9) The ability to distinguish these two species is an indication that P. ginseng can be distinguished from other Panax species, such as P. notoginseng or P. quinquefolius, theoretically. Although a set of primers for P. japonicus should be designed for further work, we confirmed that impurity contained in template didn't disturb the reactions in our previous work.
In the reactions that used total DNA from herbal medicines, only Ginseng Radix (DNA concentration: 6.8 ng)
showed amplification at approximately 25 min (Fig. 2C ) and no amplification was detected for Panacis Japonici Rhizoma (7.5 ng) derived from P. japonicus or Glycyrrhizae Radix (16.4 ng) derived from Glycyrrhiza uralensis, which was used as control. Glycyrrhiza uralensis showed similar alignment to P. ginseng in the 18S rRNA gene region (data not shown), and we were concerned that the set of primers for P. ginseng would amplify total DNA extracted from Glycyrrhizae Radix, because total DNA from herbal medicine was not pure in general and impurities in DNA solution would decrease both sensitivity and selectivity. Nevertheless, LAMP using a set of primers for P. ginseng distinguished Ginseng Radix from Glycyrrhizae Radix as well as Panacis Japonici Rhizoma. Our results indicated that it is possible to apply LAMP to herbal medicine with high sensitivity and selectivity.
We have developed LAMP, a rapid, highly sensitive, and specific method for the identification of P. ginseng and P. japonicus, the detection of P. ginseng, and the authentication of Ginseng Radix. We plan to apply this method to the detection of Ginseng Radix from traditional preparations, such as Kampo decoctions, in the near future.
